M. Variables, measurements and data 1. Basic Variables In this study, four basic variables are used for analysis, namely : population, urban area, ri ce field area, and geographical position coordinates, each given in units per desa for three time periods. Population density is used as a measurement of the level of urbanization that indicates both the amount and the type of settlement in an area.
The degree of urbanization may be evaluated in various ways, e.g., socially (by population density and distribution), economically (by monetary and service agglomeration), or spatially (by land use). For example, Chaubef suggests that it can be measured by the proportion of a population that lives in units of habitation that are recognized as urban. In this study, the urban land ratio is proposed as the measurement of urbanization in each village. Urban land ratio is the ratio of the area of urban land use (see III. 3 for a detailed description of land use categories) to the total area of a village. Since suburbanization is also characterized by land use, the urban land ratio could also be used as a good measurement of suburbanization'°'that directly reflects the level of suburbanization within a region. The rice field land ratio is the ratio of the total area of rice field to the total area of a region. The distribution of rice fields in the study area is very significant, since the area serves as one of the centers of rice production in Indonesia. To describe the relative position of each unit of data, spatial variables are applied. In this study, the UTM coordinate system is used to describe such geographical positions.
Measurements
Descriptions of spatial distribution patterns can be presented in several ways. Geographical descriptions of areal data have usually been in the form of either one or a combination of measurements such as average position, dispersion, and orientation or arrangement11). Descriptions of the spatial patterns of geographical data are generally related to a combination of parameters. In this study, they are adopted to describe the population and land use distribution patterns shown in Table 2 . Each geographical position in this study (X, Y) is measured as the relative position of the centroid of each desa (village) to the center of Jakarta City, represented by the National Monument (Monas)10).
(1) Average position The average position is a pair of spatial coordinates that provides the point presumed to be the most representative of a phenomena.
In this study, two measurements of average position, namely, the median center and the spatial mean, are applied. The median center is defined as the intersection of two perpendicular lines, each of which divides the point pattern into halves. The spatial mean is obtained as an ordered pair that takes into account the position of the centroid of each region and the weight associated with the centroid12). The standard distance is the square root of the average squared distance from the center, meaning that it measures the dispersion of the data around the data's center. Dispersion refers to the proximity of the groups to the center.
However, dispersion is often greater Table 2 List of spatial pattern  measurements  and formulate in one direction than another, and the standard distance is unable to reflect this phenomenon because it is a single value. A more precise measure of dispersion is Lefever's standard deviational ellipse13), which reflects not only the conditions of dispersion, but also the orientation. The orientation can be determined as the maximum (longest) axis of Lefever's standard deviational ellipse that is angled from the X-axis. Both the standard distance and the standard deviational ellipse are measurements that refer to a single center. When there is more than one center, an entropy method is more appropriate for concentration or dispersion measurements.
Shannon's entropy is a measure of discrete probability distribution14). It is often termed the amount of uncertainty in a set of probabilities. Its value is the average value expected for information contained in a single message to confirm the occurrence of one of a defined set of events15). However, many scholars have offered much broader interpretations such as a measure of dividedness16), and of the degree of spatial dispersion or spatial concentration'15.17). In this study, an entropy formula appropriate for regions of unequal size is used to determine the diversity value. (3) Land use mixture
In order to identify desakota regions as complex entities, a measurement of the mixture of land use is proposed. The mixture of land use in a desakota identifies the degree to which the rural economy and way of life has been submerged beneath an urban economy and culture. From a geographical viewpoint, this mixture in a desakota region can be shown by the mixture of agricultural and urban land uses. A new formulation is proposed as a measure of this mixture. A specific entropy formulation is also employed to describe this mixture. (4) Spatial autocorrelation
There is spatial autocorrelation whenever a variable exhibits a regular pattern over space, in which its value at one set of sites depends on the values of the same variable at other sites18 shows that in 1970, 32. 8% of total national migration was to Jakarta , of which 80% came from rural areas. Migrants were driven to leave their villages and move to the city by the expectation of a better income19). Indigenous inhabitants dominated the population of Bekasi District until 1970, and the study area was a typical agricultural region . Jakarta's surrounding areas, including Bekasi District, were the major origins of Jakarta's in-migrants , making the net migration of the Bekasi District negative (out-migration outpaced in-migration) 20) . At this stage, the population and economic growth rates of Jakarta were higher than those of its suburbs . The urbanization process had not yet expanded far beyond Jakarta's borders .
The population density of the study area was relatively low and the spatial distribution was relatively dispersed. The average position of the population distribution from Jakarta's center (Xp, Yp) was farther than the average for urban land (Xu , Yu) . A relatively dispersed spatial population distribution is shown by the wide standard distance from the spatial mean (Dp) , the size of the big ellipse, the small difference in length between the major and the minor axes of the ellipse from the spatial mean (see Figure 4a) , and the tapering shape of the ellipse from the exit point of Jakarta's main road (see Figure 4c) . Spatial interaction was relatively low , and the population's spatial autocorrelation was positive, but low (4 and cp).
Urban land distribution was relatively less dispersed than the distribution of population. The long ellipse is the consequence of the distribution in an urban area along the main road in a west to east direction (see Figure 4b) . The spatial mean of the rice field distribution is further from Jakarta City than the population and urban land distributions (Xu and Yu) and is relatively dispersed (Hr. I, and cr) , although not as dispersed as the population distribution. ( 2) The first stage of suburbanization (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) Between 1970 and 1981, urban expansion spread beyond Jakarta's boundaries toward Bekasi District as the process of suburbanization developed. The population increased by almost 48% in 12 years, from about 794,000 in the year 1969/70 to about 1,170,000 in 1981/82. This high population growth (3. 3% per year) outpaced Jakarta's population growth, especially during the years from 1975 to 1980. Jakarta's economic growth was 10.8% per year during this period, while growth in Bekasi District was 11.5% per year. Economic attraction made Jakarta the preferred destination of migrants ; its suburbs, including the area studied, subsequently tried to be more attractive to migrants. Between 1971 and 1980, the highest population growth rates in Indonesia are found in Jakarta's suburbs, especially in Depok Administrative Municipality (12.3 % per year) and Bekasi District (10. 0% per year) 21)
The spatial mean and the orientation of the distribution of population moved westward (Xu, Yu), reflecting the high population growth around Jakarta's borders. In the same year, it is evident that the population became more concentrated, since the size of the population's deviational ellipse from the spatial mean grows smaller (see Figure 4a) , the entropy of concentration becomes lower (Hp) and spatial autocorrelation increases (Ip). Changes in the shape of the deviational ellipse (see Figure 4b) indicate the process of concentration towards Jakarta City.
As the population increased, the amount of urban land use also increased to fulfill housing demands. Therefore, the urban land use distribution becomes somewhat similar to the distribution of population, located closer to Jakarta City. The average position moves in a similar direction to that of the average position of the distribution of population, but moves at a higher rate than the population. Concentration measurements assuming a single center (standard distance and deviational ellipse) show that urban land use distribution has become more concentrated since 1969. On the other hand, other measurements of concentration/dispersion that do not assume a single concentration center (the entropy of dispersion and spatial autocorrelation indices) , show an opposite pattern. These results indicate mixed patterns of urban land concentration/dispersion during this period.
During this suburbanization, the government intensified programs to increase rice production by improving the irrigation systems and other infrastructures needed to develop one of the prime rice-producing centers in the country. This increased the area of rice field from about 55% to 63% of the total study area. However, the average position of rice field distribution showed relatively no change. Due to the significant increase in both urban areas and rice field, the land use mixture reached a peak. The period between 1981 and 1993 was characterized by significant increases in population and urban land ratios, and by a decrease in the amount of rice field through conversion to urban and other uses. Demand for housing was no longer the dominant feature in the expansion of urban land. The study area had become one of the main areas for industry and for the development of less dense single-family houses (real-estate-type settlements) . The proportion of industrial workers increased due to the influx of migrant workers, while a number of farmers sold their land and left for more remote areas, especially the Karawang District22.23.24). During this period, the population and economic growth of Bekasi District outpaced those of Jakarta (Table 1 ) . The population growth increased to about 5. 2% per year, while that of Jakarta decreased from 2. 9 % to 2. 1% per year. According to the 1990 statistics for Jakarta City, and in spite of relatively high population growth, the amount of out-migration outpaced the amount of in-migration. According to the 1990-1995 BPS survey21), this gap between out-migration and in-migration for Jakarta City widened. In the period 1990-1995, out-migration exceeded 823, 000 (9. 0% of Jakarta's
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Throughout this period, the population growth for Jakarta City was 2. 1% per year, down from the 3. 1% growth experienced in the previous decade23). Despite steady overall growth in the population of Jakarta City, Central Jakarta District experienced negative growth (-1.4%) in the period 1980 to 1990, while the population of Jakarta City's other districts continued to increase. The decrease in population in the center of Jakarta indicates a process of out-migration.
The movement of the average position of the population to the southwest toward Jakarta between 1981 and 1993 was simply a continuation of the trend seen in the previous period, but at a faster rate. This movement is a strong indication of the population concentration pattern. Several parameters hint at this concentration, namely, a smaller relative entropy of concentration, a stronger spatial autocorrelation, smaller standard distances, and a smaller standard deviational ellipse from the spatial mean (see Figure 4a) . In-migration was a significant factor in Bekasi District's population growth. Most of these in-migrants came from Jakarta City, looking for better and cheaper housing, while they still worked in Jakarta City24). Another study estimated that about 50% to 62% of the local labor force in Bekasi District was commuting over the district boundary'.
These trends indicate that the process of population distribution was a direct continuation of Jakarta's outward population expansion, whereas the process of expansion of urban land use was not.
The urban land distribution moves away from Jakarta City because of the development of new industrial estates and less dense single-family housing. Urban land use became concentrated in several new local centers away from Jakarta. As the standard deviation grows smaller, the relative entropy of concentration becomes larger, and spatial autocorrelation becomes stronger. This indicates that the expansion of urban land use in the study area did not originate solely from increasing population, but was also due to industrial activity and to the rapid development of new single-family housing. The study area had become one of the prime locations for new industrial activity. Furthermore, many new areas of spacious real-estate-type housing have never become populous areas because of the domination of single-family houses, and because many are exclusive residential areas for the middle-and upper-classes.
Additionally, many houses remain unoccupied, having been purchased not for occupation, but as low-risk investments or even for speculative purposes as land prices continued to increase22'. Henderson, et al.26 explained the increase in the concentration of manufacturing in Jakarta's suburbs and called this process the "suburbanization of industry". Because a number of rice fields were converted to other uses , especially urban, the land use mixture between urban and rice field decreases . The expansion of industrial activity and real estate development in Bekasi District has decreased the spatial mixture of urban activities with rice farming activity .
General trend of spatial pattern changes
Based on the spatial analysis results above , statistical data and the general theory on urbanization process27.28), the general trend of the development of suburbanization process in Bekasi District can be described in contiguous curves . Figure 6 shows a general description of the stages of suburbanization in Bekasi District . Like the common urbanization level curve27, the population growth of Bekasi District follows an S-shaped curve , building up very slowly and then expanding very quickly before slowing down or even reversing slightly . The urban land ratio curve shows a similar shape, after a time lag behind the population growth curve . On the other hand, the rice field land ratio and land use mixture curves are bell-shaped . The peak of the curve of the rice field land ratio is reached earlier , and is followed by the land use mixture curve. The land use mixture reaches a peak when the population and urban land use are expanding quickly.
The pre-suburbanization stage of Bekasi District was characterized by a dispersed population of relatively low density and a low level of both urban and rice field land ratios . Bekasi District was a typical region, where traditional rural and agricultural activities predominated. The population and economic growth rates of Bekasi District lagged far behind those of Jakarta . Since 1969, the development of rice production has played an important role in the regional economy. Bekasi District and other northern coastal areas of Java became the most rapidly developed agricultural regions as policies to develop agriculture were implemented through various programs intended to improve food crop production. Because of these programs to increase rice production, both the total area of rice field and the proportion of rice fields irrigated increased. Meanwhile, as the suburbanization process continued, the expansion of Jakarta beyond its boundaries toward Bekasi District began. The increases in both rice field and urban land ratios indicate their impact on the increase of the level of land use mixture in Bekasi District. This phenomenon characterized the first stage of suburbanization in Bekasi District. The second stage of suburbanization was characterized mainly by : (1) the continuance of population agglomeration in areas closest to Jakarta City, (2) the emergence of new, local, and less-dense urban concentration in several areas relatively distant from Jakarta, (3) a decrease in rice field land ratios, due to a shift toward urban activity, and (4) a decrease in the mixture of land use between urban land and rice fields. V. Concluding Remarks This study described changes in the spatial distribution of population and in land use patterns in Jakarta's suburb, Bekasi District. Three stages of suburbanization in Bekasi District were identified by spatial analysis. The statistical information revealed that the urban development of Bekasi District was mostly as a result of out-migration from Jakarta, first by the expansion of kampung-type housing in the area closest to Jakarta's boundaries, and then through the development of real-estate-type housing and industry. The quantitative spatial measurements used in this study were able to show how fast, how far, how disperse, how complex, and in which direction changes occurred. These quantitative measurements were able to provide more objective, less ambiguous results, and to contribute to a better understanding of these suburban phenomena. This method can therefore be the basis of an effective approach to further spatial analysis studies in various areas.
